.
Historically, the high bird abundance and the presence of endemic and threatened species has conferred the province high conservation value. Córdoba avifauna includes eight species endemic to Argentina and nine species globally endangered or threatened (López-Lanús et al. 2008) . This has sustained the designation of nine Important Bird Areas (IBAs) in Córdoba province (Di Giacomo 2005) . However, only fifty percent of those IBAs have effective protection. Furthermore, other regions with potential for avian conservation remain out of consideration due to the lack of information regarding avian species presence and distribution. Some of these regions are still relatively unaffected by anthropic disturbance, as is the case for western Sierras Grandes and Traslasierra Valley.
Sierras Grandes and the adjacent Sierras of Comechingones (Sierras Grandes-Comechingones hereafter) are the highest mountains within Córdoba province (maximum height 2780 m a.s.l.). The western face presents short and steep slopes, where numerous streams run down, some of which shape the basin of Río de los Sauces and Allende Lake, commonly under the denomination "Traslasierra Valley" (Carignano et al. 2014 , Fig. 1 ). Río de los Sauces alluvial valley has a plant community typical of Chaco lowland Forest, yet the mountain slopes also comprise a variety of contrasting vegetation units (i.e. woodland, shrubland, grassland; see description in study site section) in accordance with the altitudinal gradient (600 to 2700 m a.s.l.). This particular topography allows for the development of a highly heterogeneous landscape in a relatively small area, and the variety of environments hosts a great bird diversity. For example, the mountain tops include birds with an Andean origin, whereas lowland areas have Chacoans species , Nores & Cerana 1990 . These characteristics confer western Sierras GrandesComechingones and Traslasierra Valley a high value for bird conservation.
The main goals of this study were to (1) study avian richness and composition while comparing bird assemblages among different habitats, and to (2) assess the feasibility of including this region into the system of IBAs. Specifically, we seek to know the avian richness and avian community composition at western Sierras Grandes-Comechingones and Traslasierra Valley, and to identify the similarities between bird assemblages among different habitat types. Our study aims to improve the understanding of the distribution of avian species across different habitats in this heterogeneous area, which historically has been understudied by ornithologists, in order to highlight the importance of this area for the conservation of birds in Lowland and Mountain Chaco region.
METHODS

Study area
Surveys were conducted in an area of Sierras Grandes delimited in the north by the rivers Río Chico de Nono and Río de los Sauces and the coast of Allende Lake. In the east, the area was limited by the Sierras GrandesComechingones summit. The west and south limits correspond to the meridian 65 o 03'W and the parallel 32 o 10'S, respectively, comprising an area of 464.75 km 2 ( Fig. 1) . The physiognomy of plant communities and main plant species observed along Traslasierra Valley and western Sierras Grandes-Comechingones system from lowest to the highest altitude (sensu Luti et al. 1979, Fig. 2) included:
Lowland Chaco woodland (500-800 m a.s.l.): this area is dominated by several tree species such as Aspidosperma quebracho-blanco, Prosopis flexuosa, Prosopis chilensis, Ziziphus mistol and Cercidium australe. Shrubs commonly found in the area include Larrea divaricata, Mimozyganthus carinatus, Maytenus spinosa, and Acacia furcatispina (Cabido et al. 1992) .
Mountain Chaco woodland (800-1350 m a.s.l.): characterized by the dominating presence of Lithraea molleoides and, to a lesser extent, Celtis ehrenbergiana, Bouganvillea stipitata, Schinopsis haenkeana, and Xanthopylum coco. Among the shrubs, dominant species include Flourensia sp. and Condalia buxifolia (Cabido et al. 1998) .
Mountain shrubland (1350-1700 m a.s.l.): this community is characterized by the lack of trees, the dominant shrub being Heterothalamus alienus, and to Figure 1 . The map represents the location of our study site in Córdoba province, Argentina. The black shading area in the South American map represents the Great Chaco Forest. The red area in the right square indicates the study area, the north edge is delimitated by Río Chico de Nono, Río de los Sauces and the northern coast of Allende artificial lake, the east boundary is the maximal coat of Sierras Grandes-Comechingones, and the west and south limits correspond to the meridian 65 o 03'W and the parallel 32 o 10'S respectively. The delimited area goes from 700 m a.s.l. at the west limit to 2780 m a.s.l. (Champaquí peak, the highest altitude in Córdoba province) at the east limit. The area occupies 464.75 km 2 .
a lesser extent Acacia caven, Baccharis sp., and many Poaceae species. Mountain grassland and Polylepis forest (1700-2800 m a.s.l.): consists of a mosaic of Polylepis australis woodland (mainly in humid and pronounced ravines), tussock grasslands (dominated by Poa stuckertii, Deyeuxia hieronymi), grazing lawn (dominated by Alchemilla-Carex lawn), granite outcrops, and eroded areas with exposed rock surface (Cingolani et al. 2004 (Cingolani et al. , 2008 .
We assigned surveyed birds to different habitat types considering the following environment classification based on previous descriptions (see Fig. 2 ): 1 -artificial lake; 2 -river; 3 -stream; 4 -lowland forest; 5 -mountain forest; 6 -mountain shrubland; 7 -mountain grassland; 8 -Polylepis forest; 9 -agricola field; and 10 -urban area.
Data collection
Three different survey techniques were used to prevent biases that may be caused by one single technique (Bibby et al. 2000) : (a) detection of species presence through direct observations with binoculars and aural identification of songs, (b) recording of species presence by means of capture with mist nets and (c) recording of species presence via interviews with local residents. Scientific nomenclature is in accordance with South American Classification Committee (SACC-American Ornithologists' Union, Remsen-Jr. et al. 2015) . The conservation status of each bird species follows López-Lanús et al. (2008) .
(a) Between January 2011 and December 2015, we conducted approximately 80 surveys in the study area and registered bird species visually and aurally. Each survey consisted in walks during time-periods of high bird activity, from sunrise to midday and from 5:00 to sunset. In addition, we conducted nocturnal walks using playback to detect nocturnal species of Caprimulgidae and Strigiformes. Sixty percent of those surveys were conducted in areas corresponding to lowland and mountain Chaco woodland (data from a collateral specific study, Vergara-Tabares 2017), and areas of Allende artificial Lake and Río de los Sauces.
(b) During the autumn-winter 2014, we used mist nets in three sectors of mountain woodland. We also used mist nets during [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] (c) Interviews: some local residents, mostly rural inhabitants, were interviewed and questioned about the bird species they had identified to be in the region. In order to minimize the confusion generated by common bird names (which vary from one region to another), we used photo books of Chacoan birds with their scientific and common names to avoid misleading recognitions. This methodology allowed us to check in loco whether the species mentioned in the interviews were expected to occur in this region of study, focusing on those species that may have suffered local extinctions in many sites of their ranges (e.g. Gubernatrix cristata, Strix chacoensis and Pheucticus aureoventris).
Data analysis
We graphically explored the relationship among the different habitats and bird assemblage composition using UPGMA based on Jaccard's qualitative index of similarity. Qualitative indexes were estimated on a presence-absence matrix of birds registered in the different habitats. We used the Vegan package (Oksanen et al. 2007) in the free user analysis platform R (R Core Team 2012).
RESULTS
A total of 240 species of birds belonging to 48 families were recorded (Appendix I). The most represented families were Tyrannidae, Furnariidae, and Thraupidae with 35, 24, and 24 species, respectively. For the non-passerines, the most represented families were Accipitridae, Ardeidae, Picidae, and Rallidae with 12, 8, 8, and 8 species respectively. Forty-five species occurred exclusively within one type of environment (Fig. 3A , Appendix I) and two species occurred in seven non-aquatic environments (i.e. Turdus chiguanco and Zonotrichia capensis). According to López-Lanús et al. (2008) , we recorded two "Endangered" species (Gubernatrix cristata only through interviews and Buteogallus coronatus), two threatened species, and six "Vulnerable" species (although S. chacoensis only through interviews, Appendix I).
Graphical exploration with UPGMA showed three groups of habitats based on bird assemblage composition (Table 1 , Fig. 4 ). Two similar groups included: 1) mountain shrubland, mountain grassland, and Polylepis forest ("highland habitats" hereafter), and 2) lowland forest, mountain forest, agricola field, and urban areas ("lowland habitats" hereafter). The third, less similar, group included the following aquatic habitats: artificial lake, stream, and river ("aquatic habitats" hereafter). We regrouped species a posteriori to count species exclusively present in each group of habitats. Aquatic habitats showed the highest proportion of exclusive species (but the lowest bird richness) and highland habitats was the group with lowest proportion of exclusive species. Lowland habitats showed intermediate proportions of exclusive species but the highest richness (129 species, see Fig. 3B ). A total of 17 species expected to ocurr in the area were not found (Appendix II).
DISCUSSION
Noteworthy species
Below we present some information and comments about noteworthy birds species registered in the study area, including species threatened by local activities, species included in threat categories, and endemic species. Some of this information may be relevant for conservation purposes (Di Giacomo 2005) .
Andean Condor (Vultur gryphus): its range formerly stretched along the total length of the Andes mountains, from Venezuela to Tierra del Fuego, including Sierras Centrales of Córdoba and San Luis (Houston et al. 2016) . We frequently observed this nearly-threatened species in our study site (Fig. 5A, B) . In a few opportunities, we observed groups of 40-50 individuals feeding on dead horses or cows in areas above 1400 m a.s.l. Although a population decline has been reported for this species in Ecuador, Peru and Bolivia, the species appears to be common and the population seems to be stable in Argentina (Houston et al. 2016) . However, in Argentina, lead poisoning (from ammunition used to hunt game) is potentially a new and increasing threat for the species (Saggese et al. 2009 , Lambertucci et al. 2011 .
Chaco Eagle (Buteogallus coronatus): We recorded two individuals of this eagle during 2011 in the central area of our study region ( Fig. 5D ) and we found the first active nest for Córdoba province (previous to this study there were only hints but no confirmation that the species would potentially nest in the region, Torres et al. 2006) . On 03 February 2014, we found one nest in the southern portion of the prospected area with one nestling in advanced state of development (Fig. 5C ). We were able to record many feeding events by both parents (see Capdevielle et al. 2015) . The nest consisted of a platform built on a Molle de Beber (Lithraea molleoides) located in the mountain forest (at ~950 m a.s.l.). During the two following years, a pair of B. coronatus produced a new nestling in the same nest. Distribution of B. coronatus in western and north central Argentina extends south to Río Negro, La Pampa, and southern Buenos Aires (Collar et al. 1992 , Gonnnet & Blendinger 1998 (Maceda 2007) . In view of its low population density and the number of threats faced by this species, the IUCN Red List conservation status of the Chaco Eagle is "Endangered" (BirdLife International 2016).
Spot-winged Falconet (Spiziapteryx circumcincta): this monotypic species is considered endemic to the Chaco region, but is also present in monte shrubs of Río Negro, Argentina (Bierregaard et al. 2016 ). This species is not globally threatened (Bierregaard-Jr. et al. 2016 ), but López-Lanús et al. (2008) categorized this falconet as "Vulnerable" in Argentina. Its status is virtually unknown, although it is considered locally common in Córdoba, where its habitat has been seriously devastated in the region (Zak & Cabido 2002) . We recorded this species in lowland forests and, in lower frequencies, in mountain forests mainly during winter.
Burrowing Parrot (Cyanoliseus patagonus): this species includes 4 subspecies, where C. p. conlara occurs in San Luis and Córdoba provinces. Masello et al. (2011) evidenced that this subspecies represents a hybrid population of C. p. patagonus and C. p. andinus, and this is the most genetically diverse of the four C. patagonus taxonomic groups. This population was identified as one of four management units for conservation, being important for their genetic characteristics and low population size (1700 individuals; Masello et al. 2015) . Due to behavioral attributes, we were able to register four noteworthy colonies of Burrowing Parrots in our study area. The largest colony occurs within the limits of Los Barrancos Wildlife Refuge, and the others (similar in size), occur in burrows at Río de Los Sauces and in ravines at mountain area between 900 and 1000 m a.s.l. However, smaller groups were recorded feeding along all the woody areas in our study region (except in Polylepis forests, Fig. 5E ).
Chaco Owl (Strix chacoensis): the geographic distribution of the Chaco Owl overlaps approximately 90% of the overall Chaco region (Trejo et al. 2012) . This owl inhabits both dense and semi-open vegetation on hilly and flat areas (Cracraft 1985) . Despite its wide distribution, it is listed as "Vulnerable" in Argentina (e.g. López-Lanús et al. 2008 , Trejo et al. 2012 . López-Lanús et al. (2008) consider S. chacoensis moderately sensitive to anthropogenic habitat changes. Habitat conversion and fragmentation is probably the main threat to this species (Holt et al. 2016) . In Córdoba province, the species has been recorded in Chancani Provincial Park and we documented its presence in lowland forest via local interviews. Although we conducted night searches of S. chacoensis using playbacks, we were unable to detect this species.
Black-bodied Woodpecker (Dryocopus schulzi): this woodpecker (Fig. 5F ) is endemic to the Chaco region, and it is considered "Nearly Threatened" (López-Lanúz et al. 2008 , Lammertink 2014 , Winkler & Christie 2016 . Despite its wide distribution across the Chaco region, this species is generally rare on a local scale (Madroño & Pearman 1992) . However, on a regional scale in the western face of Sierras Grandes-Comechingones, we commonly recorded this woodpecker in mountain forests habitats from Las Chacras to Luyaba -close to their southern limit -(Vergara-Tabares, unpub. data). Madroño & Pearman (1992) suggest the existence of two main populations, one in central Paraguay and the other one in Córdoba province. However, Yzurieta (1995) has stated that this woodpecker is rare in Córdoba, contrary to our observations in the study area. Big woodpeckers, such as D. schulzi, are sensitive to logging and deforestation, as trees are required to build their nests (Lammertink 2014) . Therefore, urbanization of pristine mountain forests may present a new threat for these locally abundant populations of D. schulzi. Human activity may not only threaten the survival of D. schulzi populations, but also the presence or persistence of other woodpecker species, including the southernmost populations of Campephilus leucopogon (Mikusiński 2006) , an uncommon species in Córdoba (Yzurieta 1995).
Cordoba Cinclodes (Cinclodes comechingonus): this species breeds only in the isolated Sierras Grandes, occupying mainly streams in mountain grasslands and Polylepis forests (Remsen-Jr. 2016a). We recorded this species in all mountain grasslands and Polylepis forests. During autumn-winter, we observed individuals at lower altitudes (~900 m a.s.l.). Although this species inhabits a restricted range, it is not considered globally threatened because the habitat occupied by this species is relatively free from human disturbances other than cattle grazing (Cingolani et al. 2004 ).
Olrog's Cinclodes (Cinclodes olrogi): this species (Fig. 5G) is restricted to the Sierras Grandes, mirroring the distribution of the Cordoba Cinclodes (RemsenJr. 2016b). In winter, we recorded C. olrogi in streams at lower elevations. This species is less common than C. comechingonus, and it is more strictly associated with streams.
Cinnamon Warbling-finch (Poospiza ornata): this is a species endemic to Argentina (Mazar-Barnett & Pearman 2001). In summer, P. ornata occur in a strip that extends from northwestern to southeastern Argentina, moving to sites located further north and east of its summer distribution during the winter (Cueto et al. 2011) . We have obtained scarce records, only in lowland forests, during our surveys. Although this species is a common inhabitant of arid lowland woodlands and shrubs in the Monte Desert, and taller shrubs in xeric Andean foothill ravines, some individuals may arrive at lowland Chaco Forest (Traslasierra Valley) in winter (Jaramillo 2016b) . Poopiza ornata was classified as "Least Concern" by IUCN (2011). However, López-Lanús et al. (2008) have listed this species as "Vulnerable", due to its restricted distribution, the imposing risk by illegal wildlife trade, and the lack of accurate information about its population size and dynamics.
Yellow Cardinal (Gubernatrix cristata): this species historically occurred in north and central Argentina, extreme southeastern Brazil and Uruguay. Currently, this species is one of the few Neotropical birds that has suffered a massive and negative effect from the caged bird trade. Consequently, remaining populations of this cardinal are small and fragmented (Jaramillo 2016a) . During the 1980's, Miatello et al. (1994) registered some individuals in several areas inside and adjacent to our study site. Based on this observation, Nores (1996) considered this species under recovery in Córdoba province. We performed specific searches for this species using playback without success. Contrasting with our negative results, the interviews with rural inhabitants reveal the presence of G. cristata until five years ago.
Black-backed Grosbeak (Pheucticus aureoventris): this species (Fig. 5H) is distributed in south Peru, south and east Bolivia and northwestern Argentina (Brewer & de Juana 2014) . Although most of the populations are sedentary, there is some evidence that suggests a pattern of local movements at the geographical end of its range of distribution that includes our study site (Chebez 2009 ). In accordance with this evidence, our observational records for this species were obtained only during the breeding season in spring-summer, only in ravines from 900 to 2000 m a.s.l. (i.e. mountain woodlands and Polylepis forests). In addition, we found two nests during December 2012 near Los Hornillos stream. Although López-Lanús et al. (2008) considered P. aureoventris a non-threatened species in Argentina, at a local scale its presence is rare, making this species especially valuable to be trapped and caged as a pet. We also directly observed extraction of nestlings for bird trade, activity that would reduce the reproductive success of its wild populations (López-Lanús et al. 2008) .
Ultramarine Grosbeak (Cyanocompsa brissonii): this species has a large range of distribution (Brewer 2016) and is considered a quite common species. In Argentina, it is also considered a quite common and non-threatened species (López-Lanús et al. 2008) . Although this species is not included in any threat category, the loss and fragmentation of its habitat and the illegal capture and trade of individuals as cage birds represent a conservation problem. In fact, this species is one of the most common illegally traded species (Ferreira & Glock 2004 , Alves et al. 2010 , Richard et al. 2010 . We observed captive individuals in numerous houses throughout our study area.
Bird assemblages and human threats
In this study, we recorded 240 bird species in several bird assemblages from western Sierras Grandes and Traslasierra Valley in central Argentina. Considering that in Córdoba province there are 376 cited species (Nores et al. 1996) , it is noteworthy that the study area (0.28% of the provincial territory) hosts 63.6% of the overall avifauna of Córdoba province. Moreover, not only is it remarkable for the rich composition of its avifauna, but also for the presence of some threatened species, such as B. coronatus at both regional and global scales. Another important observation is the common presence of the "Near Threatened" D. schulzi in mountain forests and endemic and restrictedrange species such as C. comechingonus and C. olrogi that highlight the conservation value of the area for birds.
The great bird richness found in the area is likely due to two main factors. First, the evident altitudinal gradient in the study area (from 600 m a.s.l to 2800 m a.s.l) allows for the existence of several contrasting vegetation units. This heterogeneous landscape is able to host different bird assemblages, such as grassland birds, woody birds, and aquatic birds. Secondly, although in Córdoba province the expansion of the agricultural frontier for the past 30 years is alarming, especially in the north, east and south of the province (Silvetti 2012 , Hoyos et al. 2013 , Cáceres 2015 , this process in the west of the province is less evident, leaving large forest areas which still host a rich diversity of birds. Nevertheless, agricultural and urban encroachments are recent threats to this area, particularly the replacement of natural cover by soybean crops under artificial irrigation (Fehlenberg et al. 2017) .
We identified three groups of habitats based on similarity of bird assemblages. The most dissimilar group corresponded to aquatic habitats (i.e. stream, river, and artificial lake). The other two groups were composed of terrestrial habitats: one included wooded and anthropized habitats at low altitude between 600 and 1300 m a.s.l. (i.e. lowland forest, mountain forest, agricola field, and urban area) and the other group included highland habitats above 1300 m a.s.l. (i.e. mountain shrubland, mountain grassland, and Polylepis forest). Aquatic habitats had the greatest proportion of exclusive species, a pattern explained by the presence of aquatic specialized species (see Fig. 3B ). Though, notably, this group also presents the lowest richness. Despite the fact that lowland habitats do not show a high proportion of exclusive species, these habitats present the highest richness (see Fig. 3A, B) . Given the pattern of habitat aggregation and great number of exclusive species in each group, we considered that these entities might represent discrete units of conservation that would be susceptible to different human threats and worthy of protection.
Each group of habitats and their associated avifauna seem to suffer from different threats. For instance, in the lowland habitats, forests are replaced by agricultural habitats (lowland forest) and urban habitats (lowland and mountain forests). Furthermore, highland habitats experience anthropogenic fires and over-grazing of grasslands that contribute to the increasing erosion rates (Argañaraz et al. 2015) . Finally, the capture of some species for caged bird trade is a widely distributed and common activity in cities such as Villa Dolores and Mina Clavero (pers. obs.). Because of the high avifauna richness of the region, as well as its numerous threats, it is necessary to conduct educational and awareness campaigns focused on the local community to highlight the importance of the area for forest and bird conservation. The study area represents an important remnant of lowland and mountain Chaco Forest in a province with only 3% of the original forest remaining (Hoyos et al. 2013) . This area has been identified as one with priority for endemic conservation for the Great Chaco region (Nori et al. 2016) . The inclusion of the area in the system of Important Bird Areas (IBAs) is imperative to preserve this particular and threatened ecosystem in Córdoba province and its rich and unique bird community. We believe this inclusion would contribute to the development of bird and environment conservation and education programs. 
APPENDIx I
List of bird species recorded at western Sierras Grandes-Comechingones and Traslasierra Valley. We also included the environment type that each species inhabits and the category of conservation. The number of environment represents: 1 -lowland Chaco woodland; 2 -mountain Chaco woodland; 3 -Romerillo shrubland; 4 -mountain grassland; 5 -Polilepys forest; 6 -agricola field; 7 -urbanized area; 8 -stream; 9 -river; and 10 -artificial lake. Status abbreviations: LC -"Least Concern"; EN -"Endangered"; VU -"Vulnerable", AM -Threatened. Abundance classification: C -Common; UUncommon; R -Rare; and A -Accidental. Seasonal presence: Y -Year-round; S -Summer presence; W -Winter presence; and A -Altitudinal movements. 
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APPENDIx II
Bird species predicted to occur at our study area and including probable habitat (see references in Appendix I). It includes species known from nearby areas, based on Nores (1996) 
